Introduction
Sperm hyaluronidase (EC 3.2.1.35 ) is one of the lytic enzymes that are believed to play an essential role in fertilization (Harrison, 1983) . In the ram spermatozoon, hyaluronidase exists as a complex molecular family (Harrison, 1988a, b) . There are two slightly different monomer species, desig¬ nated and ß, both of which can link to other monomers through intermolecular disulphide bridges. As a result, an oligomeric series is created of the form (Hyal)", where = 1, 2,4, 5, 6, 7, etc. (there is no trimer).
It is thought that the sperm lytic enzymes are located within the acrosome, from which they are exocytosed during the acrosome reaction as the spermatozoon begins to penetrate the egg invest¬ ments (Harrison, 1983) . Nevertheless, the precise function and mode of action of any particular enzyme remains to be defined. In the case of hyaluronidase, for example, there are reports which suggest that not all the sperm-associated activity is sequestered within the acrosome and that some of it may act before the onset of the acrosome reaction (Talbot & Franklin, 1974; Lewin et ai, 1982; Zao et ai, 1985) . Moreover, although sperm hyaluronidase has generally been considered a soluble enzyme, further investigation has revealed that some of the activity may be bound to structural components (Stambaugh & Buckley, 1970; Brown, 1975; Harrison, 1988a) .
Antibodies raised to testicular (i.e. sperm) hyaluronidase have been used both for localization studies (Mancini et al., 1964; Fléchon & Dubois, 1975; Gould & Bernstein, 1975; Morton, 1975 Morton, , 1977 Sakai et ai, 1979; Gupta & Goldberg, 1981; De Vries et al., 1985) and for inhibition studies (Metz et al., 1972; Dunbar et ai, 1976; Sokolovskaya et al., 1976) , to try to define its physiological role. Unfortunately, the enzyme is difficult to purify, and totally specific antibody preparations have rarely been obtained with conventional antisera. However, monoclonal antibodies are inevi¬ tably specific for a given epitope (provided the techniques for raising them are properly followed), and they can be obtained from impure protein preparations (see review by Vora, 1985 Harrison (1988a) , using anion-exchange, cation-exchange, affinity and gel chromatography; in this instance, polyvinyl alcohol was not included in the Chromatographie media. After gel chromatography, the enzyme appeared as a single component on SDS-gel electrophoresis. The material was concentrated, dialysed against phosphate-buffered saline (PBS: 125mM-NaCl, 10-4mM-disodium hydrogen orthophosphate, 3-2mM-potassium dihydrogen orthophosphate, pH 7-3) and, after ultrafiltration through a sterile Millipore filter, was stored frozen at -20°C until use. The prep¬ aration contained 0-28 mg protein per ml with a specific activity of 12-6 IUPAC units (99800 WHO International units) per mg (see Harrison, 1988a, Raising of monoclonal colonies. Details of the methodology are published elsewhere (Gaunt, 1982) . Briefly, the procedure was as follows. At 4 days after booster inoculation, the spleen was removed. The spleen cells were dis¬ aggregated and fused with NS1 myeloma cells using 50% (w/v) polyethylene glycol 1500 as fusogen during 1 min (fusion procedure carried out on 4 IO7 spleen lymphocytes + 6 IO6 myeloma cells). After dilution of the fusion medium and washing, the cells were dispersed to about 106/ml and plated out on thymocyte feeder layers. After 24 h, the growth medium was replaced with medium containing hypoxanthine, aminopterin and thymidine (HAT medium (Bos et al., 1981) .
After 5 min at room temperature, during which time the solutions in positive wells developed a blue colour, 20 µ 2 m-H2S04 were added to the solution in each well. This stopped the reaction and turned the contents of positive wells bright yellow. The wells were then scored visually for intensity of colour on a scale between -( = control low colour) and ++++( = very intense colour).
Control samples (non-immune sera or HAT medium) were always run with experimental samples. Using this assay, a 1:30 000 dilution of mouse anti-hyaluronidase serum (from blood of an immunized mouse taken 12 days after boosting) was clearly positive (-H-h++).
SDS-gel electrophoresis. Electrophoresis was carried out in polyacrylamide slabs 1-5 mm thick, using a 3-75% stacking gel and either a 10% (w/v) homogeneous or a 5-17% (w/v) gradient separating gel (acrylamide:bis by wt throughout). The discontinuous buffer system, which contained 01% (w/v) SDS, was that of Laemmli (1970) . Before electrophoresis, samples were mixed with 1 % SDS, stacking buffer (40% ofthat in the stacking gel), 10% (w/v) sucrose, 0001% (w/v) bromphenol blue and, when reduced proteins were required, 2% (v/v) 2-mercaptoethanol (all final concentrations); the mixture was then heated at 100°C for 5 min.
Western 'blotting'. This was carried out essentially according to Burnette (1981 Total proteins were detected by staining for 30-40min with 0001% (w/v) Coomassie Brilliant Blue R in methanol/acetic acid/water (4:1:5 by vol.), followed by destaining in the same solvent.
To detect antigens, the nitrocellulose paper was first incubated for 1 h at room temperature on a rocker in 3% (w/v) bovine serum albumin (BSA: Fraction V, A-4503 from Sigma Chemical Co., Poole, Dorset, U.K.) and 2-5% (v/v) normal rabbit serum in PBS. Next, the paper was rocked for 3 h with monoclonal antibody suitably diluted in 0· 1 % BSA + 1 % rabbit serum in PBS. Then, after thorough washing in PBS, the paper was rocked for 2 h with a 1:1000 dilution of peroxidase-conjugated rabbit anti-mouse IgG (H + L) (61-204 from Miles Scientific) in 01% BSA + 1 % rabbit serum in PBS. Finally, after further thorough washing in PBS, peroxidase activity was located by brief (~1 min) incubation of the paper in a mixture composed of 5 ml methanol containing 15 mg 4-chloro-1 -naphthol, 25 ml PBS and 10 µ 30% (w/v) H202 (Hawkes et al., 1982) .
Immunocytochemistry. Air-dried smears, prepared from washed spermatozoa (Harrison et al., 1982) , were immersed in fixative for a predetermined period. After washing with PBS, areas were covered with 3% BSA in PBS for 5 min, and drained. They were then re-covered with suitable concentrations of selected monoclonal antibody prep¬ arations diluted in 1 % normal rabbit serum in PBS. After 90 min in a moist chamber, the slides were washed thoroughly with PBS, and then covered with a 1:300 dilution of fluorescein-conjugated rabbit anti-mouse IgG (65-171 from Miles Scientific) in 1% rabbit serum in PBS. Incubation was carried out for 60 min in a moist chamber in the dark, after which the slides were thoroughly washed in PBS and mounted wet in glycerol/20 mM-sodium phosphate pH 80 (1:1 by vol.). They were observed by epi-illumination.
Results
Two different monoclonal anti-hyaluronidase-producing cell lines were obtained from a single fusion. The lines were designated 1A4 and 1D6, and, using antibodies to different mouse immunoglobulin isotypes in a modified ELISA, it could be shown that both were producing antibody of the IgGj class. Ascites fluid preparations of the monoclonal antibodies behaved in every way identically to HAT sn preparations, both in this modified ELISA and in their reactivities with hyaluronidases described below.
Reactivity with differentforms of ram hyaluronidase Figure 1 presents Coomassie-stained blots of a purified ram hyaluronidase preparation, showing the range of hyaluronidase forms found in ram spermatozoa (Harrison, 1988a) ; when run unreduced, the various oligomers are resolved from each other and from the monomer, whereas when run reduced, all the oligomers are dissociated to their component monomers and the two monomer species present (Harrison, 1988b) are clearly resolved. Figure 1 also shows parallel blots probed with the 1A4 or the 1D6 antibodies. It can be seen that both antibodies bound to all the forms in the unreduced samples in an essentially similar fashion, although the 1A4 antibody appeared to display rather lower overall affinity. However, in the reduced samples, although the 1 A4 antibody bound to both monomeric species, the 1D6 antibody only apparently recognized the major species. Attempts were made to discover whether the 1D6 antibody also recognized only the species on unreduced blots, but the results were not conclusive, since the two monomer species were only clearly resolved on reduced blots and they have not so far been isolated by other means.
The specificity of the antibodies was demonstrated by their reaction with blots of electrophoresed crude ram sperm extracts (see Fig. 2 ). The entire oligomeric family was revealed in the unreduced samples, and the component monomer species in the reduced samples. The patterns of reactivity of the two antibodies were identical to those shown in Fig. 1 (Harrison, 1988a, (Kessler, 1975) .
When an ELISA was carried out to compare the reactivity of the antibodies towards active hyaluronidase preparations with their established reactivity towards the standard immunogen preparation of hyaluronidase, it was found that the antibodies did not bind to those wells that had been primed with active hyaluronidase. To avoid possible problems with immunization, the immunogen preparation of hyaluronidase had not been stabilized with polyvinyl alcohol, nor was its salt concentration high (Harrison, 1988b) ; as a result, the immunogen had suffered a great loss in activity. The ELISA reactivities of 1A4 and 1D6 towards native and denatured ram hyaluronidase were therefore compared. Wells were primed with monomer or oligomer, at concentrations of 2-2-5 µg/ml. Some wells were primed with solutions in which the enzyme was native (active), others with solutions in which the enzyme had been inactivated by heating for 10 min at 100°C; all priming solutions contained 01 mg polyvinyl alcohol/ml (type II cold-water soluble, P-8136 from Sigma). The results were clear-cut: no binding of antibody occurred in any wells primed with native hyaluronidase, whereas both antibodies bound to wells primed with heat-inactivated hyaluroni¬ dase, regardless of the enzyme's form. It was therefore concluded that failure to inhibit enzyme activity or to immunoprecipitate active enzyme was due to the fact that none of the monoclonal Fig. 2 . Western blots of freshly prepared sperm extracts. Semen samples diluted in isotonic saline were washed through cushions of isotonic sucrose-based medium (Harrison et al., 1982) . The loose sperm pellets were resuspended in washing medium and extracted for 15 min on ice in 0-3 M-NaCl, 0-5% (w/v) nonanoyl /V-methylglucamide with multiple vortexing (Harrison, 1988a) . They were then centrifuged on a Beckman Microfuge (~10 000#max) for 5 min.
Samples of the supernatants were immediately diluted with a stock SDS-containing solution so that final concentrations of SDS, stacking buffer, mercaptoethanol (when required), bromphenol blue and sucrose were as described for SDS-gel electrophoresis in the 'Methods' section. They were immediately heated to 100°C for 5 min.
Other samples of the supernatants, together with the salt/detergent-treated sperm suspen¬ sions from which they had been obtained, were assayed for hyaluronidase activity (Harrison, 1988a) , to ensure that all or most of the hyaluronidase activity had been solubilised.
According to these data, aliquants equivalent to 25 IUPAC milliunits of activity from SDS-containing unreduced preparations were run on gradient gels (NR), while aliquants equiv¬ alent to 20 milliunits from reduced preparations were run on homogeneous gels (R). Blots were stained for total protein (Pr), or probed with 1A4 antibody (1A4) or 1D6 antibody (1D6); r, ram; b, bull; br, boar.
antibodies reacted with native hyaluronidase; presumably, the epitopes towards which the anti¬ bodies were directed were only revealed or formed following denaturation (heating or treatment with SDS).
Reactivity with sperm hyaluronidasesfrom different animal species
The reactivity of the two monoclonal antibodies with sperm hyaluronidase from other domestic animal species was tested on blots of crude extracts, electrophoresed either reduced or non-reduced (Fig. 2) . Antibody 1A4 reacted only with ram hyaluronidase, regardless of state of reduction; it did not react with bull, or boar (or rabbit, not shown) hyaluronidase. Antibody 1D6, however, reacted with bull as well as ram hyaluronidase, in both the reduced and the unreduced state, and thereby revealed the existence in bull sperm extracts of a hyaluronidase system similar to that in ram: a family of oligomers formed apparently via intermolecular disulphide cross-bridging of monomer. Antibody 1D6 did not react with components in boar or rabbit sperm extracts. The hyaluronidase families are clearly discernible as 'ladders' on blots of non-reduced crude ram and bull extracts stained for total protein; the hyaluronidase therefore constitutes a significant proportion of the total extractable proteins of the sperm cell in these species. No such protein 'ladders' could be seen in blots of crude boar or rabbit sperm extracts.
Immunocytochemical reactivity
Air-dried smears of washed as well as unwashed spermatozoa were used to investigate the reactivity of 1D6 towards hyaluronidase in immunocytochemical applications. Some form of fixation was required, as unfixed smears were essentially unstained. However, fixation as for electron microscopy, with 1% (w/v) glutaraldehyde in PBS or 0-4% (w/v) dimethylsuberimidate in NaCl-Tris pH 8-5, entirely destroyed the enzyme's antigenicity. Fixation with methanol or formal¬ dehyde resulted in specific staining, but the time of exposure was critical. About 20 min seemed optimal when using absolute methanol; 5 min was not nearly sufficient, whereas a loss of anti¬ genicity was evident by 45 min. Optimal treatment times using formaldehyde were very short: 5 min with 1-4% (w/v) paraformaldehyde appeared best, because by 15 (see Harrison, 1988a) .
Using optimized fixation protocols, hyaluronidase could be localized over the acrosomal region in both ram and bull spermatozoa (Fig. 3) . The enzyme appeared to be confined to the anterior region of the acrosome, with greatest concentration in the marginal extremities and decreasing concentration from the apex towards the equatorial region. Fig. 2 (probably the 1D6 antibody does not react with the reduced bull ß species, in parallel with its behaviour towards the ram ß species).
As well as being sensitive to the state of denaturation of the hyaluronidase molecule, the epitopes with which our monoclonal antibodies reacted were highly species-specific. The 1A4 site was only present on the ram enzyme, being absent from bull, boar and rabbit. The 1D6 site was similarly absent from boar and rabbit, although it was found in bull. Similar reports of the species specificity of antigenic sites on hyaluronidase have appeared elsewhere (Metz et al., 1972; Fléchon & Dubois, 1975; Kozhukharova, 1975; Morton, 1977) , but no studies have been made of the differ¬ ential antigenicity of native as against denatured enzyme. There are conflicting reports as to the sensitivity of the antigenic sites to fixation. Morton (1977) , who made great efforts to purify his antigen and to characterize the specificity of his resulting antibody preparation, concluded that sites were sensitive to fixation (he used an optimal formaldehyde fixation protocol very similar to our own). On the other hand, Mancini et al. (1964) , Fléchon & Dubois (1975) , Gould & Bernstein (1975) , and Sakai et al. (1979) all observed labelling of fixed material. However, the antisera used by these authors were raised to antigens whose purity was not established, and proof of specificity of the resulting antisera was not rigorous; the possibility therefore exists that an acrosomal component other than hyaluronidase was being labelled which resisted fixation. Our own localiza¬ tion studies revealed a detailed distribution exactly as described by Morton (1975) : a greater concentration of hyaluronidase at the apex and periphery of the anterior acrosomal segment, with decreasing levels from the apex towards the border with the equatorial segment. This is in contrast to the even distribution over the whole of the anterior segment observed by Fléchon & Dubois (1975) and by Gould & Bernstein (1975) . Both of these also noted strong staining of detached acrosomes, whereas Morton (1975) was able to reduce labelling considerably by freezing and thawing. In our preparations, some 10-20% of cells did not stain at all, and there was no evidence for labelling of detached acrosomes. Although the requirement for precise fixation must pose the question as to whether all the hyaluronidase was retained and revealed in our preparations, our observations and those of Morton (1975) are in accord with the known extractability of hyaluronidase (Harrison, 1988a) .
